1. Background {#sec121882}
=============

Myocardial perfusion single-photon emission computed tomography (SPECT) imaging is the most commonly performed cardiac examination in clinical nuclear medicine for the evaluation of left ventricular perfusion and function. Tetrofosmin and sestamibi, the two most frequently used 99m-technetium labeled perfusion agents in myocardial perfusion imaging (MPI), are excreted through the hepatobiliary system into the duodenum and bowel. Therefore, prominent activity is frequently present in subdiaphragmatic organs in the vicinity of the heart ([@A29235R1]-[@A29235R3]). Subdiaphragmatic activity can be present in the liver and bowel as a result of hepatobiliary excretion of the radiopharmaceutical or in the stomach secondary to either reflux of excreted activity into the stomach or uptake of free ^99m^Tc-pertechnetate by the gastric mucosa. Subdiaphragmatic activity can produce subdiaphragmatic-related artifacts, which can degrade the quality of MPI. Such artifacts typically interfere with evaluation of the adjacent inferior wall of the left ventricle (LV) and are more remarkable at the rest phase and after dipyridamole stress testing; however, they can also, rarely, interfere with assessment of the lateral wall of LV in the presence of a hiatal hernia ([@A29235R4], [@A29235R5]).

In past years, numerous different protocols have been proposed in order to seek a standard method of minimizing gastrointestinal-related artifacts and their unwanted effects-including the use of a standard meal ([@A29235R6]), various liquids such as milk ([@A29235R7]), milk and water ([@A29235R8]), soda ([@A29235R5]), milkshakes ([@A29235R9]), and lemon juice ([@A29235R10]), as well as the administration of different types of pharmaceuticals such as iodinated oral contrast ([@A29235R11]), cholecystokinin ([@A29235R7]), erythromycin ([@A29235R12]), and metoclopramide ([@A29235R13], [@A29235R14]) with conflicting and inconclusive results ([@A29235R8], [@A29235R11], [@A29235R13]-[@A29235R16]).

2. Objectives {#sec121883}
=============

Although investigators have examined different substances through the years, the impact of those methods on different subdiaphragmatic-related artifacts has not been determined so far. In the present study, we endeavored to determine whether the drinking of milk, water, mixed water and milk, or lemon juice prior to MPI SPECT with ^99m^Tc-sestamibi would diminish gastrointestinal-related artifacts as defined by overlapping, scattered activity, ramp filter, or extracardiac normalization artifacts either after pharmacologic stress testing or in the resting state in order to enhance quality of images.

3. Patients and Methods {#sec121888}
=======================

3.1. Patient Selection {#sec121884}
----------------------

This study comprised a total of 179 patients (130 women, age 58 ± 9.6 years) who were referred to our center for MPI. The exclusion criteria for patient selection included positive history of any type of gastrointestinal, liver, or biliary system disease or surgery. To decrease the effect of stomach fullness, all patients were in fasting state for at least 4 hours before the stress phase and 2 hours before the rest phase of the study.

Patients were randomly assigned into five different groups. Ten minutes after injection of 99mTc-sestamibi in either the pharmacologic stress phase with dipyridamole (0.514 mg/kg infusion during 4 minutes) ([@A29235R17]) or the rest phase of imaging, each patient in group 1 drank 125 mL of water and 125 mL of whole milk (nutrient content per 100 mL was total fat, 3 gr; protein, 3.3 gr; carbohydrate, 4.7 gr); each patient in group 2 drank 250 mL of diluted lemon juice (nutrient content per 250 mL was vitamin C, 60 mg; carbohydrate, 15.8 gr; fat, 0.7 gr; protein, 1 gr); each patient in group 3 drank 250 mL of whole milk; and each patient in group 4 drank 250 mL of water. The patients in group 5 were given nothing and were used as the control group. The required sample size of each group was estimated to be at least 30 patients so as to achieve an 80% power (β = 0.2) at α = 0.05 ([@A29235R11]). The study was double-blind for both patients and data collectors.

3.2. Acquisition Technique {#sec121885}
--------------------------

MPI SPECT was performed using a 2-day stress--rest protocol, and all patients were injected with the standard dose of ^99m^Tc-sestamibi (740 MBq) in each phase of the study. All of the images were acquired 45--60 min after injection of radiotracer. All acquisitions were performed in step-and-shoot mode by a GE DST-Xli (USA) dual-head gamma camera equipped with low-energy--high-resolution collimators. For each study, 32 thirty-sec projections were acquired with a 64 × 64 matrix size and a 1.33 zoom factor in a circular 180-degree arc around the patient (45-degree right anterior oblique to left posterior oblique).

All images were reconstructed by filtered back projection with a Metz filter (point spread function, full width at half-maximum of 5 and order of 8) by using a MyoSPECT application of VISION^®^POWER station (version 6.0.0, GE Medical Systems). No attenuation or scatter correction was applied. The rotating raw images of all of the participants were evaluated visually, and studies with motion artifacts, low-count density, or extracardiac activity related to areas other than subdiaphragmatic region ([@A29235R18]) were excluded. Both rest and stress images were aligned at corresponding slices for comparison. The reconstructed and reoriented images were then read and analyzed visually by 2 experienced nuclear physicians, blinded to the protocol and each other's results.

3.3. Determination of the Presence and the Effect of Subdiaphragmatic Activity {#sec121886}
------------------------------------------------------------------------------

The existence of radioactivity in the liver, biliary tract, bowel, or stomach in all patients was determined, and the quality of images controlled visually. The readers were blind to patients' clinical information and the liquid type that had been used. Every set of images was categorized as "good quality" when there was no interfering subdiaphragmatic activity adjacent to the LV, and "poor to suboptimal quality" when there was interfering subdiaphragmatic activity with resulting overlapping, scatter, normalization, or ramp filter artifacts or a combination of them.

3.4. Statistical Analysis {#sec121887}
-------------------------

The data were described as mean ± standard deviation (SD) and as count (%) for the interval and the categorical variables, respectively.

One sample the Kolmogorov-Smirnov test was applied in all cases in order to test for normal distribution. Statistical analyses were employed using the chi-squared test for the categorical and one-way analysis of variance with a posthoc Bonferroni correction for the numerical variables. A Kruskal-Wallis test was applied as well.

Kappa statistics were generated in order to determine the level of agreement between the two observers. A kappa value of more than 0.8 was considered to be almost-perfect agreement. The data were managed and analyzed via SPSS 15.0 for Windows, (SPSS Inc, Chicago, Illinois). A P value of less than 0.05 was considered statistically significant.

4. Results {#sec121889}
==========

For the study, 179 patients (130 women and 49 men) at a mean age of 58 ± 9.6 years were recruited. [Table 1](#tbl31474){ref-type="table"} shows the number of patients, age, gender, and body mass indexes of the different groups in our study, with no statistically significant difference (P \> 0.05). Comparison of the effect of the interference activity between the groups at stress and rest conditions ([Tables 2](#tbl31475){ref-type="table"} and [3](#tbl31476){ref-type="table"}) showed that the patients in group 3 (milk) had significantly lower interfering activity than the other groups had, as defined by overlap artifact (on both stress and rest images), ramp filter artifact (on stress images only), and scattered activity (on rest images only) (P \< 0.05). Furthermore, on rest images, there was a significant difference in the incidence of good-quality images in that group of the study (P \< 0.05).

###### Comparison of Clinical Characteristics between Different Groups ^[a](#fn32163){ref-type="table-fn"}^

  Variable                            Total (n=179)   Water and Milk (n=37)   Lemon (n = 31)   Milk (n = 42)   Water (n=37)   None (n = 32)   P Value
  ----------------------------------- --------------- ----------------------- ---------------- --------------- -------------- --------------- ---------
  **Age, y**                          57.99 ± 9.6     59 ± 10                 55.7 ± 9.2       58.9 ± 0.8      57 ± 8.4       56.9 ± 10.6     0.345
  **Gender, F/M**                     130/49          27/10                   19/12            37/5            23/14          24/8            0.057
  **Body mass index, kg/m** ^**2**^   28.16 ± 5.01    28.3 ± 5.7              28.5 ± 4.8       28.4 ± 4.5      27.7 ± 5.1     27.6 ± 4.9      0.917

^a^ Statistics are numbers or mean ± standard deviation.

###### Comparison of Image Quality and Different Subdiaphragmatic-Related Artifacts in Different Groups in Stress Phase of MPI ^[a](#fn32166){ref-type="table-fn"}^

  Image Quality                Water and Milk (n=37)   Lemon (n = 31)   Milk (n = 42)   Water (n=37)   None (n = 32)   P Value
  ---------------------------- ----------------------- ---------------- --------------- -------------- --------------- ---------
  **Good-quality images**      10 (27)                 5 (16.1)         15 (35.7)       11 (29.7)      7 (21.9)        0.08
  **Overlapping artifact**     18 (48.6)               18 (58.1)        10 (23.8)       16 (43.2)      20 (62.5)       0.008
  **Scatter artifact**         16 (43.2)               22 (71)          23 (54.8)       24 (64.9)      19 (59.4)       0.17
  **Ramp filter artifact**     14 (37.8)               12 (38.7)        6 (14.3)        16 (43.2)      9 (28.1)        0.046
  **Normalization artifact**   5 (13.5)                6 (19.4)         2 (4.8)         3 (8.1)        3 (9.4)         0.327

^a^ Statistics are No. (%).

###### Comparison of Image Quality and Different Subdiaphragmatic-Related Artifacts in Different Groups in Rest Phase of Imaging ^[a](#fn32169){ref-type="table-fn"}^

  Image quality                Water and Milk (n=37)   Lemon (n = 31)   Milk (n = 42)   Water (n=37)   None (n = 32)   P Value
  ---------------------------- ----------------------- ---------------- --------------- -------------- --------------- ---------
  **Good-quality images**      10 (27)                 4 (12.9)         17 (40.5)       14 (37.8)      6 (18.8)        0.049
  **Overlapping artifact**     15 (40.5)               20 (64.5)        9 (21.4)        12 (32.4)      19 (59.4)       0.001
  **Scatter artifact**         14 (37.8)               22 (71)          17 (40.5)       22 (59.5)      21 (65.6)       0.013
  **Ramp filter artifact**     7 (18.9)                7 (22.6)         3 (7.1)         6 (16.2)       10 (31.3)       0.11
  **Normalization artifact**   4 (10.8)                3 (9.7)          1 (2.4)         1 (2.7)        4 (12.5)        0.2

^a^ Statistics are numbers (%).

Moreover, there was a significantly higher incidence of uninterruptible resting-state images in group 5 with no intervention compared with the other groups, leading to a repeat of the study to obtain optimal results. The agreement \[kappa\] rates between 2 readers in each group and each phase of the study were more than 0.8 ([Table 4](#tbl31477){ref-type="table"}).

###### Comparison of Kappa Values between the 2 Readers in Each Group and Each Phase of the Study

  Phase of Study and Subgroups   Kappa Value   P Value
  ------------------------------ ------------- ---------
  **Stress**                     0.907         0.001
  Overlapping                    0.955         0.001
  Scatter                        0.908         0.001
  Ramp filter                    0.924         0.001
  Normalization                  0.971         0.001
  **Rest**                       0.825         0.001
  Overlapping                    0.855         0.001
  Scatter                        0.876         0.001
  Ramp filter                    0.926         0.001
  Normalization                  0.957         0.001

5. Discussion {#sec121890}
=============

This study showed that drinking 250 mL of milk 10 minutes after ^99m^Tc-sestamibi injection in either the stress phase or the rest phase of MPI can cause a statistically significant difference in the amount of extracardiac subdiaphragmatic activity particularly, the overlapping artifact.

The hepatobiliary tract is the main route for the excretion of ^99m^Tc-sestamibi ([@A29235R3]) and potentially leads to significant extracardiac interfering activity and artifacts ([@A29235R4]). Subdiaphragmatic-related artifacts may exert remarkable deteriorating effects on the accuracy of MPI in different ways. One of those ways is caused by scattered activity from subdiaphragmatic organs particularly on the inferior wall-resulting in normalization or decrease in the severity of the perfusion abnormality in this region. Therefore, the perfusion defect of the inferior wall may be obscured, and even if it is more pronounced at rest than at stress, it may mimic reversibility of the inferior wall. Furthermore, scattered activity can lead to large areas of decreased activity as a result of inappropriate count normalization and increased image variability. Moreover, there is the possibility of distortion of wall motion quantification.

Contrary to scattered activity, adjacent extracardiac hot areas may result in prominent diminished activity in the adjacent myocardium. This artifact is related to the reconstruction algorithm used in filtered back projection. The ramp filter is an intrinsic component of filtered back projection, and it is applied to remove the star artifact associated with reconstruction of a finite number of projection images. The ramp filter decreases count density adjacent to an intense object, better delineating its borders and increasing its contrast. Be that as it may, when the ramp filter is applied to an area of intense tracer concentration adjacent to the heart such as the liver, stomach, or bowel it may result in artifactually decreased activity adjacent to those hot objects. As a result of variation in the distribution and intensity of subdiaphragmatic activity between stress and resting images, the ramp filter artifact is variable as well. The ramp filter effect is worse when subdiaphragmatic activity is of higher intensity and the cutoff frequency is lower ([@A29235R4]). Therefore, both scatter and ramp filter artifacts may produce fixed, reversible, or reverse-distribution inferior artifacts ([@A29235R19]-[@A29235R25]).

Available softwares for MPI SPECT processing typically normalize myocardial activity to the hottest pixel. When spatial limits are defined for the production of myocardial slices, the goal is to select only myocardium, eliminating any extracardiac activity. If that does not happen, an extracardiac normalization artifact may be created. It may be difficult and sometimes unavoidable to completely eliminate extracardiac activity because it would result in cropping some of the myocardium as a result of overlap artifact. Consequently, it may be necessary to rescan the patient to obtain optimal results ([@A29235R4]).

Numerous studies have introduced many methods for eliminating the source of artifacts and for augmenting MPI accuracy ([@A29235R12]-[@A29235R22]). However, no investigations have been conducted so far on the effects of different protocols on various artifacts related to gastrointestinal activity. Despite the fact that various protocols have been introduced to reduce the amount of subdiaphragmatic activity, the role of each protocol on different types of artifacts related to subdiaphragmatic activity has hitherto remained unknown.

Water, milk, soda, lemon juice, and fatty meals are different substances that investigators have tested, and they are known to change the pattern of extracardiac activity in MPI; however, there is still a paucity of data in the existing literature on the possible effects of those substances on different artifacts ([@A29235R12]-[@A29235R22]). Hara et al. noted that reduction of subcardiac activity can occur by drinking small amounts of soda as the result of stomach distention, drawing gastrointestinal activity away from the myocardium ([@A29235R5]). In another study, Boz et al. showed the usefulness of stomach fullness on extracardiac activity in MPI imaging by comparing patients in fasting and nonfasting states. Hurwitz et al. showed the positive effect of drinking milk immediately after radiotracer injection as a result of gallbladder drainage ([@A29235R9]). Cherng et al. demonstrated that lemon juice may accelerate transit of ^99m^Tc-tetrofosmin transit from the liver and can eliminate interfering subdiaphragmatic activity ([@A29235R10]). In a study by Peace and Lloyd, the impact of water and fatty milk on MPI was evaluated in 260 patients, and no considerable differences were found in the quantitative results. However, the authors reported the effectiveness of delayed imaging in eradicating the interfering subdiaphragmatic activity ([@A29235R16]). Excretion of cholecystokinin may be stimulates by fatty meals and accelerate clearance of radiotracer through the hepatobiliary system. Moreover, the presence of water and food can distend the stomach. Consequently, the intestines underneath may be drawn away from the inferior wall of the left ventricle ([@A29235R5], [@A29235R26]).

Our study demonstrated that drinking 250 mL of milk 10 minutes after ^99m^Tc-sestamibi injection in either the rest phase or the stress phase of MPI can improve image quality by decreasing subdiaphragmatic activity and, in particular, the artifacts related to overlapping of activity. As that artifact is responsible for more uninterpretable images, it is advisable that drinking of milk be conducted as a simple technique to decrease interfering subdiaphragmatic activity and to obtain good-quality images in ^99m^Tc-sestamibi MPI SPECT.
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